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Process Monitoring System and Method 



RELATED APPLICATIONS 

[0001] The present invention claims priority of U.S. patent application serial number 60/491,799 
filed 1 August 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a process monitoring system and method and especially 
for system and method that allow a large number of measurements. 

BACKGROUND 

[0003] Electronic design automation (EDA) tools are software applications that are applied 
extensively in the design of integrated circuits and in verification of these designs. EDA tools are 
used, for example, in logic synthesis, placement and routing of circuit elements, circuit layout and 
design rule checking. At the end of the design process, a set of reticles (also referred to as masks or 
templates) is generated for use in producing the integrated circuit (IC). Each reticle corresponds to 
one layer of the thin film structures that will be fabricated on a semiconductor wafer to produce the 
IC. 

[0004] In the fabrication facility (fab), the reticles are used to print the successive circuit layers on 
the wafer in a photolithographic process. Each wafer undergoes hundreds of processing steps, 
including not only printing the reticles, but also material deposition, etching, cleaning and polishing. 
Defects in any of the process steps can substantially reduce the process yield. Therefore, monitoring 
tools are used to check wafers at nearly every step in the process to verify that the processing tools are 
functioning properly. Monitoring tools that are used for this purpose include systems for inspection 
and metrology of integrated circuit structures (typically optical or electron beam-based), as well as 
systems for electrical testing of circuit components. Reticles are also monitored for defects that may 
result in defects on the wafer. In the context of the present patent application and in the claims, the 
term "monitoring" should be understood as including all available modalities for testing wafers and 
reticles in production for purposes of detecting process or product defects. Monitoring modalities 
include, but are not limited to, measurement of critical dimensions (CD), film thickness and film 
composition; defect inspection, review and classification; electrical testing, including in-line and end- 
of-line tests; profilometry; ellipsometry; reflectometry; particle monitoring; and integrated defect 
detection and removal, using systems such as the Applied Materials "Bee." 

[0005] Photolithography is a technique for producing images on semiconductor devices. Typically, 
an image formed on a mask or "reticle" is transferred to a semiconductor object, or wafer, where it 
exposes a resist layer placed on the object. It is desired to pattern smaller and smaller features on 
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semiconductor objects, which requires the use of shorter and shorter wavelengths of the light that is 
used to image the patterns. The minimal printable feature size is referred to as "Critical Dimension". 
[0006] The measurement of critical dimension includes directing a very narrow electron beam 
towards a measurement target. This measurement is more time consuming than other measurement or 
defect detection operation that utilizes a much larger optical beam or a larger electron beam. Typically 
a limited amount of CD measurement targets are selected manually by experienced engineers that are 
familiar with the manufacturing process. 

[0007] There is an ever growing need to increase and even dramatically increase the amount of CD 
measurements that can be done in a reasonable time frame. This need may steam from applying OPC 
techniques that are aimed to improve the resolution of pattern printing. 

[0008] The purpose of OPC is to compensate for optical distortions which typically arise when 
different features on the stencil mask are close to each other, by introducing corrections on the mask 
itself. These "corrections" are intentional distortions to the design as it appears on the_mask that are 
designed to counteract the optical proximity distortions created during photo-lithography. 
[0009] The complexity of OPC as well as the reducing wavelengths of lithography radiation does not 
allow to accurately simulate or otherwise predict the actual pattern that will be printed during a 
lithography process, given a certain reticle. 

[00010] In order to overcome this difficulty test reticles are manufactured. These test reticles 

include a large number of structures that are printed on a test wafer that is then examined to assist in 
determining how to shape a reticle in order to achieve a desired pattern, and which "corrections" shall 
be added according to the OPC techniques. 

[00011] Various types of OPC algorithms are applied to different features, with the purpose of 

testing empirically, by executing at least several of the manufacturing steps for patterning the wafer, 
which OPC feature resulted in the best pattern on the wafer. Such experiments require that 
measurements, such as those performed by CD measurement tools, be performed over thousands of 
sites per wafer, rather than the typical 5-20 CD measurement sites used for monitoring a production 
of a wafer. The results of those measurements must be compared to the target values as set forth by 
the designers of the IC. 
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SUMMARY OF THE INVENTION 

[00012] Additional advantages of the present invention will become readily apparent to those 

skilled in this art from the following detailed description, wherein only the preferred embodiment of 
the present invention is shown and described, simply by way of illustration of the best mode 
contemplated for carrying out the present invention. As will be realized, the present invention is 
capable of other and different embodiments, and its several details are capable of modifications in 
various obvious respects, all without departing from the invention. Accordingly, the drawings and 
description are to be regarded as illustrative in nature, and not as restrictive. 

[00013] The invention provides a method that includes the stages of: (i) receiving design 

information representative of a portion of a layer of an object; (ii) processing the received design 
information to provide a large number of measurement targets; and (iii) associating target 
measurement parameters to each of large number of measurement targets. The object includes 
multiple sub micron measurement targets and can be, for example, an integrated circuit , a reticle and 
the like. 

[00014] The invention provides a system that includes: (i) an interface for receiving design 

information representative of a portion of a layer of the object; and (ii) a processor, coupled to the 
interface, for processing the received design information to provide a large number of measurement 
targets; and for associating target measurement parameters to each of large number of measurement 
targets. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[00015] Reference is made to the attached drawings, wherein elements having the same 

reference numeral designations represent like elements throughout, and wherein: 
[00016] Figure 1 illustrates a system, as well as a measurement tool, according to an 

embodiment of the invention; 

[00017] Figure 2 illustrates an image of a measurement site during various processing stages, 

according to an embodiment of the invention; 

[00018] Figure 3 illustrates a process for locating a measurement target, according to an 

embodiment of the invention; 

[00019] Figures 4-5 illustrate various images obtained during the process of Figure 3, 

according to an embodiment of the invention; 

[00020] Figure 6 is a flow chart illustrating a method, according to an embodiment of the 

invention; and 

[00021] Figure 7-8 illustrate means for automatically inserting measurement target selection 

criteria, according to embodiments of the invention. 
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DESCRIPTION OF THE INVENTION 

[00022] The term "object that includes sub micron measurement targets" refers to an object 

that has multiple sub-micron features, structural elements and the like. The features an/or structural 
elements are subjected to measurements by a measurement tool. A non limiting example of such an 
object is a integrated circuit, die, dice, wafer, reticle, MEMS, flat display panels, and the like. It is 
noted that the invention can be applied to monitor the manufacturing process of multiple layered 
objects as well as single layered objects. 

[00023] For convenience of explanation it is assumed that the object is a multi-layered 

integrated circuit. 

[00024] Figure 1 illustrates system 100 as well as a measurement tool 150 such as CD-SEM 

3D of Applied Materials Inc. of Santa Clara California. The system includes an interface 1 10 that 
receives an EDA file that describes at least a part of one layer of and sends it to a database 120. 
Processor 130 accesses the stored information and process it to provide a large number of 
measurement targets. The processor 130 also associates target measurement parameters to each of 
large number of measurement targets. This processing stage is further illustrated in the following 
figures. It is noted that a designed layer is processed to provide the image that will be actually printed 
on the IC. This processing stage or even a part of this stage can be implemented by system 100. 
[00025] The target measurement parameters of said large number of sites are sent to 

measurement tool 150 that performs in response multiple measurements to provide measurement 
results. The results can be sent back to system 100 that may store them and even process them. 

[00026] The selection of measurement targets can be responsive to various parameters that are 

provided by a user. Figure 7 illustrates an exemplary table 200 that allows a user to select targets or 
select target parameters that assist in automatic selection of the targets. The table 200 allows to insert 
and/or display various target parameters, IC parameters and additional information such as site select 
Y/N box 202 (indicates if a target was automatically selected, allows to manually select a target), site 
ID 204 (each measurement site is associated with a unique identification number), site color 206 
(indicating how to render the site in a visual representation such as a wafer map) , IC ID 208 (each IC 
is associated with a unique ID), IC name 210 (each IC is often associated with a name that further 
assists in its identification), device type 212 (describes the target- a transistor, a conductor..), Monitor 
type 214 (describes what is the type of measurement that is required - line width, hole diameter,. . .), 
motivation 216 (describes the purpose of the measurement), conductance Y/N box 218, material 220, 
location X,Y 222, and associated image ID 224 (this information allows to retrieve an image of a 
vicinity of the target). An additional means for selecting sites, on a die basis, is illustrated in Figure 8. 
An image of a wafer 300 having multiple dice 302 is shown. Some dice include measurement sites 
(denoted "S"). This display can be used to select dice or/and to display previously selected dice. 



aients/AppliedMaterialskrael/63 1 7P077/ApplicationAsFiledP077 



6 



[00027] Figure 2 illustrates an image 16 of a measurement site during various processing 

stages, according to an embodiment of the invention. The image 16 includes two horizontal lines 12 
and 14 and a unique feature 10. The measurement target is selected to be line 12 that is adjacent to 
unique feature 10 and the required measurement is a CD measurement The CD measurement will be 
done within a measurement window 18. 

[00028] Figure 2 also illustrates a grouping of three CD measurements within windows 18, 20 

and 22. The grouping of measurements reduces the amount of mechanical movements and target site 
location processes. Thus, process stages that are associated with measurement targets that are 
positioned at the same filed of view can be performed once, while stages that are unique for each 
measurement target are repeated for each measurement target. 

[00029] Figure 3 illustrates a process 300 for locating a measurement target, according to an 

embodiment of the invention. Process 300 starts by stage 310 of receiving an image of a measurement 
site. 

[00030] Stage 310 is followed by stage 320 of processing the image to provide information 

representative of various objects within the image. This stage may include providing information 
representative of the location of lines, the line orientations, the presence of corners and the like. 
[00031] Stage 320 is followed by stage 330 of selecting an object portion, such as a corner, 

and applying auto correlation measures to locate substantially similar object portions. Conveniently, 
the selected object portion is a corner defined by two lines. The angle between said lines can be about 
ninety degrees, but this is not necessarily so. That corner shall be distant from the image boundaries. 
If the image has already been processed during an iteration of any of steps 330-370 it is better to 
select a corner that was not previously selected and does not belong to an object that was previously 
selected. Preferably, the corner shall be positioned at a certain distance that is responsive to the field 
of view of the measurement tool. Referring to Figure 4, illustrating an image of an array 800 of 
objects 810 that also includes a unique rectangular feature 720. Stage 330 includes selecting a lower 
right comer 815 of a certain object 810. 

[00032] Stage 330 is followed by stage 340 of determining if other matching object portions 

were found. If the answer is positive stage 340 is followed by stage 350 of defining the object that 
includes said portion as a unique feature. If the answer is positive then stage 340 is followed by stage 
360 of determining a repetitive pattern pitch of a repetitive pattern that includes object portions 
similar to the selected object portion. This determination may involve a single directional processing 
of the image or a two dimensional processing of the image. Referring to Figure 4 that illustrates the 
selected corner 815 as well as other similar corners 825 and 835 that define a repetitive pattern. It is 
assumed that the pitch is defined by the vertical distance between the selected corner 815 and an 
adjacent corner 825 located below the selected corner. 
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[00033] Stage 360 is followed by stage 370 of generating a shifted image and subtracting the 

shifted image from the input image to provide a differential image. The shifted image is shifted by a 
repetitive pattern pitch in response to the input image. Figure 5 illustrates the subtraction of the 
differential image 890 from an input image 880 to provide a differential image 899. The subtraction 
will remove all objects 810 from the differential image. Only the unique rectangular feature 720 and a 
shifted unique rectangular feature 720' remain in the differential image 899. 
[00034] Stage 370 is followed by stage 380 of processing the differential image to locate the 

unique pattern. Stage 380 is followed by query stage 390 of determining if a unique feature was 
found. If the answer is positive stage 390 is followed by stage 400 of selecting a measurement target 
at the vicinity of the unique feature. Else, stage 390 is followed by stage 410 of defining new session 
parameters and jumping to stage 320 and even defining new object patterns, finding new repetitive 
pattern pitches and the like. 

[00035] Auto focus targets can be located by processing the input image or the information 

generated during stage 320. According to another embodiment of the invention an auto focus target 
is located by: (i) dividing the image to multiple sub-images, (ii) calculating the accumulative length of 
lines located within each sub-image, and (iii) selecting the sub-window that includes the highest 
aggregate line length as an auto focus target. 

[00036] According to an embodiment of the invention once a unique feature is found that 

unique feature as well as an adjacent feature are defined as the unique feature. Referring to Figure 5 
the unique rectangular feature 720 as well as an adjacent object 810. 
[00037] Figure 6 illustrates a method 700 that includes stage 710 of receiving design 

information representative of a portion of a layer of the IC, stage 720 of processing the received 
design information to provide a large number of measurement targets, and stage 730 of associating 
target measurement parameters to each of a large number of measurement targets. 
[00038] According to various embodiments of the invention the measurement parameters 

include location information representative of a location of the measurement site. The location 
information may include an image of a measurement site that comprises the measurement target. The 
measurement parameters may include a measurement field of view and/or an electron beam 
parameter. 

[00039] Stage 730 may include determining a presence of a unique feature within a 

measurement site that comprises a measurement target. The determination may involve at least a 
portion of an image of the measurement site. Said processing may involve applying auto-correlation 
operation. The process may include locating a repetitive pattern. 

[00040] Conveniently, stage 720 includes locating auto focus targets. Preferably, each 

measurement target or each group of measurement targets are associated with an auto focus target. 



aients/AppliedMaterialsIsrael/63 1 7P077/ApplicationAsFiledP077 



8 



[00041] According to an embodiment of the invention the method further includes a stage 740 
of grouping measurements located within a field of view of a measurement tool. Said grouping 
process is further illustrated at Figure 2. 

[00042] Conveniently, stage 720 includes selecting measurement targets associated with 

optical proximity correction. The selection may include selecting measurement targets in view of a 
potential measurement target list or table. 

[00043] Optionally, stage 740 (or stage 730) is followed by stage 750 of measuring the large 

number of measurement targets, in response to the target measurement parameters, to provide 
measurement results. Stage 750 may include CD measurement but this not necessarily so. 
Conveniently the measurement includes locating measurement sites, locating measurement targets 
within the measurement site, scanning the measurement targets with an electron beam and the like. 
[00044] Conveniently, stage 750 is followed by stage 760 of processing the measurement 

results to provide an indication about the fabrication process. This processing stage may include 
comparing the currently obtained results to previously obtained measurement results. Alternatively or 
additionally, stage 760 includes comparing the measurement results to expected measurement results. 
Stage 760 may include determining optimal design features. Alternatively or additionally said stage 
may include processing the measurement results and design requirements of the IC. 
[00045] Stage 760 is followed by optional stage 770 of providing a graphical display 

representative of the measurement results. 

[00046] The present invention can be practiced by employing conventional materials, 

methodology and equipment. Accordingly, the details of such materials, equipment and methodology 
are not set forth herein in detail. In the previous descriptions, numerous specific details are set forth, 
such as specific materials, structures, chemicals, processes, etc., in order to provide a thorough 
understanding of the present invention. However, it should be recognized that the present invention 
can be practiced without resorting to the details specifically set forth. In other instances, well known 
processing structures have not been described in detail, in order not to unnecessarily obscure the 
present invention. 

[00047] Only exemplary embodiments of the present invention and but a few examples of its 

versatility are shown and described in the present disclosure. It is to be understood that the present 
invention is capable of use in various other combinations and environments and is capable of changes 
or modifications within the scope of the inventive concept as expressed herein. Further, the 
description is intended to be descriptive and not limiting. 
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